behavioral assessment, hematology, bone imaging, and bone mechanical testing (Supplementary Methods). Our data ( Figs. 1-3 ; Supplementary Tables 1-5) clearly showed no effect of saline injections or animal handling on skeletal morphology or mechanical properties following an 8-week study period.
Several prior studies have documented the effects of handling and/or injection on animal stress levels 1, 2 . These studies and others have utilized a variety of outcome measures including assessing body/organ weight [4] [5] [6] [7] , animal activity/behavior 6, 8 , and biochemical assays 9 . We found no significant effect among the three experimental groups in body or organ weight ( Fig. 1a,b ; Supplementary Table 1 ). Blood levels of leukocytes were also similar across the three groups and were within normal limits 10 . The ratio of neutrophils to lymphocytes has been used as an index of animal stress in multiple species 11 , and this study demonstrated no significant differences between the three groups ( Fig. 1c; Supplementary Table 2) . Finally, qualitative evaluation of several in addition to a placebo group (administration of vehicle), though changes of bone are relatively slow and likely not influenced by the stressors associated with restraint and injection. The goal of the current study was to examine the effects of saline injections in mice, specifically on skeletal properties, and to determine if a reduction of animal use can be affected through the elimination of a placebo group that does not provide meaningful comparison data. Our working hypothesis was that daily handling and injection would not significantly alter bone mass or mechanical properties compared to non-intervention controls.
We tested 60 female C57BL/6NHsd mice that were randomly assigned to one of three experimental groups: animals that were only handled during weekly cage changes (CON, n=20); animals that were restrained but not injected 5 days per week (SHAM, n=20); and animals that were restrained and given an intraperitoneal (IP) injection (0.15 cc 0.9% saline solution) 5 days per week (INJ, n=20).The experiment lasted 8 weeks and included Animal model experiments have an essential place in the infrastructure of biomedical science. The literature is replete with papers studying various physiological and organ systems in which animals are manipulated via administration of novel compounds. These studies typically involve groups of animals that are injected with placebo compounds. As there are studies that demonstrate that restraint and injection can affect behavior and corticosteroid levels in rodents 1,2 , the basis of such placebo injections is to control for any potential effects caused by handling and injecting the experimental animals. But these stressors may not adversely affect all studies equally. While placebo injections make sense for studies that are focused on outcomes which may be directly or indirectly affected by stress hormones, the value of placebo injections is less clear for other studies. If placebo groups are not necessary for some studies, this would reduce both the number of animals used in research and the need to handle/inject a significant number of animals.
Bone is a dynamic organ that undergoes continual renewal throughout life 3 . The breakdown of this process leads to conditions such as osteoporosis, where bones lose mass and mechanical properties, ultimately leading to fracture. The mouse has become a highly utilized research model in skeletal biology due to the ease of genetic manipulation to answer mechanistic questions. Due to the relatively slow changes that occur in bone, most interventional studies involve treatment durations that last weeks or months. Studies of bone physiology often include a control group (no manipulation) was significantly different than cage controls which were intermediate to the two intervention groups. There was no difference in tibial BV/TV among the groups. Given that handled animals had femoral BV/TV values lower than cage controls, while injected animals were higher, it is unlikely that these effects were manifested due to treatments. A more plausible explanation for these group differences is simply the intrinsic variability in trabecular bone within mice.
While imaging outcomes are almost universally undertaken in preclinical work focused on skeletal properties, mechanical testing represents a holistic skeletal assay that integrates both bone mass and bone quality (the properties of the tissue independent of mass). Interventions that alter bone mass or bone quality can manifest as alterations in a variety of mechanical testing parameters. For example, chronic administration of corticosteroids results in significant reductions in bone strength (ultimate load and ultimate stress), along with several other properties 14 . Our study showed that a suite of mechanical properties were comparable among the three groups for both the tibia and femur ( Fig. 3;  Supplementary Table 5 ). These results show clear evidence that daily handling or longterm saline dosing have no significant negative effect on mouse mechanical properties and suggest there is no need to use daily injections in control animals.
The results of this study are limited in that only one mouse strain (C57BL/6), sex (female), and age (9-17 weeks) were studied. Whether the same lack of effect would occur universally in other situations is unknown and is not feasible to comprehensively study. The conclusions also do not apply to all possible bone outcomes. There may be parameters such as gene/protein expression that are more subtly affected by handling/injection, yet because our laboratory traditionally uses tissue-level assays, we chose to focus on imaging/mechanics as the main outcomes.
In conclusion, our study shows that over an 8-week study duration in mice, the effects of daily handling or daily injection with saline have modest effects on bone morphology and no effects on mechanical properties. These results suggest that for these tissue/organ level outcome measures there is no need to use saline-injections in control removal of endogenous sex steroids leads to a reduction in trabecular BV/TV 12 ; mechanical loading leads to a robust increase in cortical bone area and crosssectional moment of inertia 13 . Chronically high levels of corticosteroids, indicative of persistent stress, have well-established negative effects on trabecular BV/TV 14 . In our study, there were minimal effects of either handling or injecting animals on more than a dozen micro-CT based outcome measures. The tibia and femur were both assessed for trabecular and cortical bone parameters, the majority of which were not different among the groups. The lone parameter of the tibia that differed among the groups was trabecular thickness, which was lower in the SHAM animals compared to control. The femur had three properties that statistically differed among the groups: trabecular BV/TV and Tb.N (both significantly higher in INJ vs SHAM), and cortical thickness of the diaphysis ( Fig. 2;  Supplementary Table 4) .There was significantly more trabecular bone (+35%) in the distal femur of animals injected daily compared to those that were handled but not injected. Neither of these groups aspects of behavior toward the end of the experiment showed no significant difference in barbering or fearfulness among animals in the three conditions (Supplementary Table 3 ). Taken together, these data suggest there was no difference in animal stress between animals that remained untouched in their cages and those that were handled daily, with or without injection, over an 8-week time period.
Micro-CT based imaging of bone morphology represents a gold-standard and fairly sensitive parameter of interventional effects on the skeleton. For example, 
